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The present invention relates to "A NOVEL IN-EXPENSIVE AND EFFICIENT 
PROCESS FOR ISOLATION OF IMPERATORIN, A POTENT INDUCIBLE 
NITRIC OXIDE SYNTHASE INHIBITOR AND ANTI-INFLAMMATORY DRUG 
CANDIDATE FROM AEGLE MARMELOS CORREA". This invention leads to a 
process for the isolation of imperatorin, an anti-first-pass effective low molecular 
weight linear furanocoumarin from the mature/immature mesocarp of fresh/dry 
Aegle marmelos Correa fruits. Immunologically important phytosterols enriched 
fraction is a useful by-product of this process, which might enter this new century 
as therapeutics for targeting specific sites in the immune system. 
Aeg,e marmelos Correa is a moderately sized, slender, aromatic tree, 
6.0-7.5 m in height and 90-120 cm in girth, native to the Indian sub continent. It is 
growing wild throughout the deciduous forests of India and very much found in 
the sub-Himalayan forests, Central and South India. It is now naturalized in 
Sri Lanka, Pakistan, Bangladesh, Myanmar, Thailand and most of the 
southeastern Asian countries. It is known as Bael and Bel in Hindi, Assamese, 
Bengali; Marwari, Bili in Gujarati, Koovalam and Vilvam in Tamil, Bilvamu, 
Maredu in Telugu and Bel in Urdu and Stone Apple in English. Aegle belongs to 
one of the monotypic genera of orange sub family Aura, .ttoideae, tribe 
Clauseneae and sub tribe Balsamocitrinae and family (Rutaceae). 
Fruits of Aegle marmelos Correa are 5.0-7.5 cm in diameter, globose, oblong 
pyriform, rind grey or yellow; pulp sweet, thick yellow, orange to brown in color. 
Seeds are numerous and arranged in the cells surrounded by a slimy transparent 
mucilage. The unripe or half-ripe fruit is regarded as astringent, digestive and 
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stomachic. The fruit is repute* to be e valuable Ayurvedic medicine for chronic 
diarrhea and dysentery and said to act as a tonic for heart end brain. Clinice, 
trails of unripe fruits showed anti-viral activity against Renikhet disease virus, 
hypoglycaemic activity and significant results against parasites. The pulp, diluted 
with water and added with requisite amount of sugar and tamarind, forms a 
delicious cooling drink. The Bael fruit is one of the most nutritious edible fruits, 
rich in cerotenoids, riboflavin and pectin, used for preparation of a number of 
products like candy, squash, toftee. slab, pulp powder and nectar (The Wealth of 
India vol.5. 199P-94 and Compendium of Indian Medicinal Plants vol. 1-5, 

1062-1998). 

•V 

FIELD OF INVENTION 

The present invention "A NOVEL IN-EXPENSIVE AND EFFICIENT PROCESS 
FOR ISOLATION OF IMPERATORIN, A POTENT INDUCIBLE NITR.C OXIDE 
SYNTHASE INHIBITOR AND ANTI-INFLAMMATORY DRUG CANDIDATE 
FROM AEGLE MARMELOS CORREA" relates to a process for the isolation of a 
compound 'imperatorin', useful as a potential inducible nitric oxide synthase 
(iNOS) inhibitor and anti-inflammatory drug candidate from fruit pulp of 
mature/immature Aegle marmelos Correa (Rutaceae). Imperatorin belongs to the 
linear furanocoumarin group of compounds. Imperatorin (9-F3-methyl-2-butenyl)- 
oxy]-7H-furo[3,2-gJ [1] benzopyran-7-one) is a furano derivative of benzo-alpha- 
pyranocoumarin and is found in the plants in the free state. 
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BACK GROUND OF INVENTION 

Furanocoumarins (also cal.ec, furocoumanns and sometimes designated 
psoraiens; after one of the best known furanocoumarins), a class of widely 
occurring phenolic compounds, especially abundant in citrus fruits, these 
compounds are ubiquitous in higher plants. These are found in approximately 
15 plant families, of which members of the family Apiaceae (Umbelliferae) are 
well known producers of furapocoumarins followed by Rutaceae, Moraceae and 
Leguminasae. Several of these plants eg. ,emon, cilantro, celery, pastinak, 
parsley and carrots are part of the human diet. Furanocoumarins have several 
interesting biological activities, such as analgesic, antiinflammatory, antibacterial, 
antiviral, anticoagulant in addition to their well-known photosensitizing effect. 
Imperatorin isolated from roots of Angelica dahurioa (Umbelliferae) was found to 
induce apoptosis in human promyelocyte leukaemia, HL-60 cells. DNA 
fragmentation assay, morphology^based evaluation and flow cytometric analysis 
demonstrated that imperatorin at micromolar concentrations was able to trigger 
apoptosis of HL-60 cells (Hyun-Ock et al., Imperatorin, a furanocoumarin from 
Angelica dahurica (Umbelliferae;), induces cytochrome c-dependent apoptosis in 
human promyelocyte leukaemia, HL-60 cells; Pharmacology & Toxicology, vol. 
91 . no.1 , pp 40 - 48, 2002). Imperatorin showed strong activity of HL-60 cells by 
nitro blue tetrazolium (NBT) method (Kawa et al., Effect of coumarins on HL-60 
cell differentiation; Anticancer research, vol. 20, No.4, pp 2505 -2512, 2000). 
imperatorin isolated from Chinese herb I. Saposhnikovia dvaricata (Turcz) 
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Schischk is potential inducible nitric oxide synthase (iNOS) inhibitor, displaying 
ICso value of 17.3 ,g/rnl for inhibition of nitrite production, which can be used as 
cancer chemopreventing agent (Yang et a., inducible nitric oxide synthase 
inhibitor of the Chinese herb I. Saposnnikovia divaricata (Turcz) Schischk; 
Cancer Letters, vol. 145, pp 2505 - 2512, 1999). 

Imperatorin is the main component of Yuanhu analgesic capsule (0.66 to 
0 72 mg/capsule). which is made of Yuanhu and Radix Angeticae dahuricae, 
which is recorded in the eighth volume (1993) of medicine standards published 
by the Ministry of Health of the People's Republic of China (Wenxiang et a.. 
Determination of imperatorin in Yuanhu analgesic capsule by RP-HPLC; 
Chemical Journal on Internet, vol. 3, No.11, PP 56-59, 2001). It is therefore, 
valuable to develop a potent and economically feasible natural source of inhibitor 
of iNO for potential therapeutic and commercial use in the future. 
Imperatorin is widely distributed in the plant kingdom and can be isolated from 
the different parts (especially fruits, seeds and roots) of the plant. It is isolated 
from roots of Imperatoria osthruthium L, seeds of Angelica archangelia L, and 
fruits of Pastinaca sativa L. (The Merck index. XII edition, p4960). Imperatorin is 
also isolated from fruits of Anethum graveolens, Angelica archangelica, 
Anthriscus cerefolium, Apium graveolens, Carum carvi. Coriandrum sativum, 
Cuminum cyminum, Daucus carota, Foeniculum vulgare, Heracleum 
sphondylium, Levisticum officinale, Pastinaca sativa, Petroselinum crispum and 
Pimpinella anisum (Ceska et al. Photoactive furocoumarin in fruits of some 
umbellifers; Phytochemistry, vol.26, No.1 5 165-169,1986). The .presence of 
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'mperatodn in Aeale marmelos Corraa ha3 been repor(ed onjy ^ indja <Asjma 
Chatte-jee et a,., Isolation of allCmperetonn and p . 3itostero| from ^ ^ of 
Aegfe ma™ efos Correa; J.md. Chem. See, vo..34. No.3, pp 228-230,1957, 
•hough the plan, is grown in southeastern Asian countries. Nearly 40 other pian, 
species of different fences are also reported to contain imperatorin 
Despite tne p ,an, Aegle mamglos Cofrea ^ ^ ^ ^ ^ ^ 

med.cina, purposes as we., as for making coding drink, no, many patents exist 
reiated to Aeg/e mangos. A ^ patantSi wh|ch ^ ^ to ^ 
compositions using Aegfe mamMtos for ^ an<( ^ ^ ^ 

fuel used for automobile, and antl-diabetic compositions (.PR Bulletin, Vol. 7, No. 
3-4, March - April 2001). 

in India, Asima Chattel (Asima Chatte-lee e. a,., .solation of allo-imperatorin 
and p-sitosterol from the fruits of Aeg/e manned Correa, J.lnd. Chem. Soc. 
vol.34, No.3, pp 228-230,19571 reported isolation of imperetorin from Aegfc 
mam * in1957 ' Whereln «fy»talliza«on of benzene soiution of a concentrated 
alcohoiic extract of the fruit pulp yielded allo-imperatorin in 0.003% and mother 
liquor was chromatographed over a column of Brockmann alumina (12 cmxl cm) 
using gradient mixures of pet ether and benzene (1:4) furnished imperatorin in 
0 006% and p-sitosterol mixture In 0.00125% yield. The major drawback of the 
method is the use of benzene as a solvent for partition of methanol extract for 
the isolation of imperatorin. which otherwise is highly carcinogenic and banned. It 
is not only time-consuming process but also an expensive one besides its 
extremely poor yield. 
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The content of imperator , ^ ^ ^ ^ ^ 

(Tafapatra et.al., Polyphenol* constituents of m» ,- 

nStItuents of ptemca^a Roxb. 

J . ind. Chem. Soc. , vol. 60,1983). 

. n-*, ^ iso,a«„„ dfflcu „. ln aenera| , ^ of 
fcrano0o umarins depends injBaI|y upon succes5(ye extractjon ^ ^ ^ ^ 

~ y used ^ 0( increagjn9 ^ (pe( ethM ^ ^ 

me ' han0 ' ethan0 ' ^ " h " *« ~ «». no„-p„ lar S0lv9nt8 fOT 
exfraCon o, ftte p„„, atmt „ mn ^ ^ ^ ^ 

f U r a „oco U rna rin s. StIH. potor sofvanfs (methanol and ethano|) use(j ^ ^ 
exfracHon of ^ nocoumarins resu|ted ,„ ^ ^ ^ ^ 
™re coloor ano ^ ^ ^ of ^ ^ ^ ^ _ 

-»««-*. .0 - PT«eo, invention , m have ^ soivem ^ 

extraction, which ^ctao a hi ^ r ammn Qf jmperatorjn ^ ^ ^ ^ 

oolourino an. fatty mataria,. A,so, racovary of ,ha p ure solvan, for ra u *a is much 
easier. 

No cost-effective process exists today for the iso.ation of Imperatorin directly 
from fresh/dry mesocarp of Aegie mermetos Correa. There are no reports on 
earlier attempts for direct processing of fresh/dry fruits of Aeg,e marme,os Correa 
with vacuum liquid chromatography for Iso.ation of imperatorin. As such no plant 
with high content of imperatorin for commercial exploitation or any large-scale 
process for the isolation of pure imperatorin has been reported. 
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OBJECTS OF THE PRESENT INVENTION 



The ™ in objectlve of me presenf invemjon (s (o prwde a nove[ ^ 

■"expensive, efficient end convnercia.1, feasible proces8 ^ ^ ^ ^ 

^eraforin from fresh/d(y ^ ^ of ma|ufe/imma(ure ^ 

Correa 



Another objective of the present ..^ jg fc ^ fl ^ ^ 
immunologically importantly^*,!, enriched fraction as by-product, 
^'^ ° bieCUVe ° , ,he P«»"« inveneon ,. to exp,ore mam)etos Correa 
as a commercial source with high content of imperatorin. 
Another objective of the present invention is to select a cost-effective sdven. for 
selective extraction of imperatorin. 

Stil, another objective of the imperatorin is to develop an economically feasible 
process for the isoiation of pure imperatorin for therapeutic use. 

NOVELTY OF INVENTION 

1. For the first time a commercially feasible process for isolation of 
imperatorin from Aegte marmelos Correa is reported in the present 
invention. 

2. Identification of the fruit for isolation of imperatorin improved the yield and 
reduced the processing cost. 

3. The extraction of fresh/dry fruit pulp directly with ethylenedichloride is 
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more economical with a better ™>w *■ • 

-*areO .o .he use I " hi " h " 

P use „ f other so(vants ^ e(hano( 

pattitfonins to halosenated solvents. 

" ^ S6teeBVe - * - afcoHoUc ertrac, to the 

~ n ° n - p0lar — « * easy pur.nca.ion an* i 80 ,e«on of 
pure rmperatorin. 

5. of ^ impeiatonn direefly from (he cruda extrac( resute(j ^ 
60-70% yi e, a „ (mp9raIori „ before vacuum ^ 

6. The process al ,ows «h. reuse of solvems and silica ge, 

r- Tna procass a, to ws W phytosler0(s ^ ^ ^ ^ ^ 
by-product. 

These advantages are of secant economy va.ue and easy to perform on a 
large commercial scale production of imperatorin. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a novel process for the isolation of compound 
imperatorin, which is used as potential inducible nitric oxide synthase inhibitor 
and anti-inflammatory drug candidate from mature/immature fruits of Aegie 
marmelos Correa, the said process comprising: 

a) extraction of fresh/dried powdered pulp with halogenated solvent directly 
or with monohydric alcohol at ambient temperature for 24 to 48 hrs. 
(pulpisolvent 1 :3 to 1 :6) or with halogenated solvent or monohydric alcohol 
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<n a Soxhlett apparatus for 6 to 12 hrs. (pu(p:so , vent , 4) 

b) concentration of the extracted alcoholic sol*«n, . 

aiconpnc solvent up to 10 to 30% of its 

onginal volume under vaquum, 
C the concerns aicohoHc exirec, « halogenated ^ fc 

transfer imperatorin In non-polar solvent. 
O «*, the extras misceHa obtalned directly or „ y ^ _ 

anhydrous sodium sulphate and evaporating the solvent 
e) 0-ysU„i Z in 9 fte ^centra* in pe^fter-dlchloromeftane mixture and 
filtering the- crystals, 

0 concentrating the aitrate and subject to vacuum liquid chromatography on 
silica gel, 

0) eluting imperatorin in pet-ether- ethy, acetate mixture to afford 

phytosterols enriched fraction and pure imperatorin, 
h) crystallizing the fractions containing pure imperatorin compound. 

Ih one embodiment of the present invention, mature^mmature fresh fruit pulp or 
dried powdered fruit pulp of Asg,e marmeios Correa were selected for fresh 
process or dry process for the isolation of imperatorin. 

In another embodiment of the present invention, wherein screening on all the 
mature and immature fruits of Aegle mannelos Correa for the isolation of 
imperatorin was carried out by RP-HPLC in fresh and dry processes using 
different solvents. 
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Vet other embodiment of tha nrac. * ^ 

"rim:- — - — — — 

Yet other embodiment of the ora*^* 

snivel, extras J ' " "* « 

«y matena. jn m9 irnpara , on . n . s ^ ^ ^ 

rn/^n Pnase, thereby ennches the 

crystal (60-70%) of imperatorin fn non . pol8r phase 

*» another embody „ me presen , ^ ^ ^ ^ 
°u. in the mother , (ouor after te subjected to ^ ^ 

chromatography over silica 9 e. (230^00 mesh, in the ratio of 1:4 to 1:6 for 
complete isolation of pure imperatprin. 

Yet other embodiment of the present invention, wherein the partition of 
imperatorin from alcoholic extract, to non-polar solvent reduces the bulkiness of 
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the crude extract by 65-7S<>/. u . 

- — in the ^ ^ ^ ~ « - - 

Still another embodiment 

from ^ , PreSeM iWen,i0n ' yieW °' MM 

r ^ °' 2 "~ - EDC/OCM (PU1P , OIvent , 

une another embodiment of the nr^„* 

from drv ♦ mVent ' 0n * ^ ° f ,mperatori " Elated 

from dry mature fruits is in the range of 1 24 to 1 86 v ,h 
H . . a to 1 66 % (dry weight basis) by 

d.rec, process of 2 days paction ^ EOC/DCM. (pu(p :solvent , .„ 
One another embodiment of the present ^ ^ ^ 

rom the fresh mature fruits Is in the ra„ 0 e of 2 , 9% and 2 15% (dry ^ 
by cold percolation for 2 days with EDC/DCM (pulp:solvent 1-6) • 
One another embodiment of the present invention, ytetd o, imperatorin isolated | 
Tom fresh mature frute i8 192%/2 29% (dry ^ ^ ^ ^ ^ , 

DCM/EDC partition of methenolic extract. L 

One another embodiment of the present invention, yield of imperatorin isolated | 

from imma,ura fruits is in the range of 0.52% by dry process of OCM partition of " 

methanolic extract. ? 

One another embodiment of the present invention, yield of imperatorin isolated 3 
from mature fruits (3.12%) immature fruits (0.89%) and ripe fruits (1.71%) by W 
extraction in a Soxhlett apparatus for 6-12 hrs. with ethylenedichloride. 
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The present invention is to orauiri* » 

isolation of ' *" ^"^e process for the 

°' atl0n ° f ,mperatori " from ^e/o^ Correa to o. 

- -rto Known process trom other sources Zl ^ ' *~ > 

' Provides a process which • P8rticu,ar * 

frc the natl soZ " — * — 

EXAMPLE 1 

Selection of fruits for extraction 

A compel study of impera , orjn ^ jn ^ jmmature ^ ^ 

— ot fresh fruit pulp of Aegle mamle/os Correa _ ^ ^ ^ 
sampie of moiatu,, content (2 . 5 , 0 4%) ^ ex(racted wjth ethy|enedichiorj()e ^ a 
Soxhiet, apparatus tor 6 to 12 hre ex , racted ^ ^ ^ 

over anhydrou, sodium sulphate a nd , h e solv9nt _ , 0 ^ 

under vacuum. Tha exfrec, (1mB) diS80)ved ,„ Sm) HpLC ^ 
Tha content of imperetorin in eech senile wes estimated by LC8A Snimadaj 
HPLC equipped with t/V detector under the following operate conditions; 
mobile phase methanohwater (50.60); flow rate 1ml/min, deteotion a t 300„m, 
column- C18 R-ODS-S-A 5pm. Quantification was performed using a calibration 
curve of the standard imperatorin estimated in different ripening stages of fruits 
are as follows; immature (0.69%), mature (3.12%) and ripe (1.71%) of purity in 
the range of 54% to 62%, . 
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EXAMPLE 2 

Se/ocf/on of solvent for extraction 

^ crushed samp* (1 00 gm) of ^ ^ ^ ^ ^ 
71- . was exfracfed * 300 ml of ^ ^ ^ 
'■chloromethene. mhMta(m and e^nao^e..^, (9;1) fer 

*~ c hydrous sodium sulphate and 

exfract (1mg> was di880lwJ jn 5 m , Hp| _ c gra(je ^ ^ 

lmP9ra,0rin COn,eM * HPLC - ,„ example , . Screening „ f a„ 

ma, ure . imma^ ripe frujs ofAeg/e Coma ^ ^ ^ 

prooassas with different s0(vwte for impera , o ^ ^ ^ ^ ^ 
RP-HPLC. Tha contant of imparatorin obtained in different procassas are as 
follows: frash process: direct EOC (0.75%). DCM (0.82%), EDC : MaOH (9:1) 
(0.66%) and CCU (0.38%, on dry weight basis after 24 hrs. co.d parcoiation 
<pulp:solvent 1:3) at room temperature of mature fruits of moisture 71.5%. 
Further prolonged percolation for a day increased the content of 
imperatorln viz. EOC by (1.43%), DCM by (1.24%) and EOC : MaOH <9:1) by 
(1.22) on dry weight basis. EDC and DCM percolation (pulp:solvent 1:6) of fresh 
mature fruit pulp of moisture 68% afforded imperatorin content 2.19% and 2.15% 
after 2 days continuous percolation. 



14 



23:26 91-11-29226805 



SN&A 



PAGE 



17 



D-V procass: ^ con,e„, „ imp W atorin in the dry ^ ^ ^ ^ ^ 

—« HOC (1 .3t%), COM (, 24%) 9ter one day perco|aflon ^ 

« (1.66%, ,1.56%, after 2 „ays percolation .„ dfy ^ ^ ^ ^ ^ 

•he range of 65% to 70%. .OC/UCM parttion of n^anoiic extract of freeh 
mature turn Pulp contains (1 .92o/„,/ (2 29%) on dry ^ basis of ^ ^ h ^ 
range of 40% to 50%. 

EXAMPLE 3 

fxfracf/on ancf /so/a£/on of /mperafor/n from mature fruit pulp 

Mature fruits of Aegle marmelos Correa were depulped mechanically and 
smashed pulp of moisture content (68%) was percolated directly with 
dichloromethane [170.9 g fresh pulp contained 54.68% dry matter] or 
ethylenedichloride [399.4 g fresh pulp contained 127.8% dry matter] 
(pulp: solvent 1:6) for 24 to 48hrs at ambient temperature. The total extracted 
miscella was dried over anhydrous sodium sulphate and concentrated under 
vacuum. The concentrate [DCM 2.85g/EDC 3.93g] was dissolved in 
n-hexane-dichlorometharte mixture (15 to 20ml) and kept for crystallization 4-5 
hrs. in a refrigerator (0-4°C). The crystalline compound was filtered and dried to 
get pure imperatorin. The process of crystallization was repeated three times to 
get (60 to 70%) pure imperatorin compound (1 g, by DCM / 2.0254g by EDC). 
The remaining imperatorin in the filtrate was isolated by vacuum liquid 
chromatography over silica gel in the ratio of (1:5) and imperatorin was eluted 
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with 20% to 40% EtOAc i„„h a . 

Poo*, an. imPera, ° rin <~ 8 -e 

- evaporete, and ^ )o cryst8ifeaBon 

•mparatonn (0 ,76a oy DCM/ 0 77 PUre 
im DS r»ton„ ere " y (8S% > ° f P«"> 

imperatorin while (90%) D ure i™«r..„ 

matum k ' ^ ,mp9ra, ° nn "~ ,s °'*«< *°m 399.4 a of fresh 

mature crushed p U | p of - „ , . 

"nperetonn content 2.19% using 

---^ene.^e « ^ » 

^ <°<» - ° waa ohteineo as a use,, 

by-product of this process. 

The imperatorin was identified by m p ir uv 'h mmd , 

j »' p., iix, uv, H, C NMR and mass spectral 

data as reported in the literature. 
EXAMPLE 4 

extraction .n<, isoMon of lmp i„tori n from , mma ,u n frui tpu lp of A.g,e 
marmelos Correa. 

Immature fruits of Aegle mameols Correa were depulped mechanically, cut into 
thin slices and dried under shade. Dry powdered pulp (nig) of moisture content 
(3.5%) was extracted with methanol for 6 to 12hrs. in a Soxhlett apparatus. The 
total extract was concentrated to 10 to 30% of its original volume under vacuum. 
The concentrated methanolic extract was partitioned with dichloromethane 
(5 times, 100ml). The dichloromethane extract (3.66 g) was dried over anhydrous 
sodium sulphate and evaporated under vacuum. Imperatorin was isolated from 
this residue as described in example 3. Thereby (82%) pure imperatorin 
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(0.5668g) was isolated from inn , 

° m 1 1 19 of ***** dried fruit pulp of o S2°/ , mr . 

content by DCM partition dry process of me th , 
m ,no, P 8 ° f metha "°"* extract. Phytosterol 

product. 



(0.10%) was nhf»; M w ' " Jf, " 5SlBro ' mixture 

v ' was obtained as a useful by 



ADVANTAGES OF THE INVENTION 

1 r inVent, ° n ,S 3 C ° St - *» — P-ess for isolating 

.mperatorin from tb, m,t M re,mrnature fruits of Aeg,e marmelos Correa 
Tbe extraction of fresn/dr, fruit pulp direct* . tn ethyJene dichJoride ^ 
-re economic ^ . better yieJd Qf ^ ^ ^ 

pamtroning to halogenated solvents. 

3. The selecuve transfer of imperatorin tron, alcoholic extract to the 
ha.ogena.ed non-potar phase rasuKed in easy purification and Nation of 
pure imperatorin. 

4. The purification of the crude extract resulting in crystallization of 60-75% 
of imperatorin before vacuum liquid chromatography. 

5. The process allows the reuse of solvents and silica gel. 

6. The process allows the phytosterols enriched fraction as a useful 
by-product. 

7. These advantages are of significant economical value and easy to perform 
on a large commercial scale production of imperatorin. 
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